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Three experiments conducted over a 2-year period with

disadvantaged sixth graders are reported. In Experiment 1, the
affectiveness of exposure to graded reading pmaterials and audiovisual
tutoring was tested in an automated reading program vith specific
hehavioral objectives and a self-contained rewvard systen., Tweanty-one
students formed three groups of equal reading proficiency. The group
receiving specific audiovisual tutoring showed substantial gains in
reading accuracy over the groups receiving trial-and-error training
in reading and in mathematics. Tutored students' gains were highest
on successive comprehension and untimed standardized tests. During

the second year,

in Experiment 2, the audiovisual tutoring was

adpinistered to 19 students, and gains were compared to those

students not receiviang any machine instruction. Inprovement in
tutored “tudents paralleled that of Experiment 1. In Experiment ‘3, -
student: participating in Experiment 2 intermittently received
automated instruction on several everyday life reading skilis. The
tutored students' improvements across the year were significantly
greater than those of students receiving no tutoring. Tutored
students also showed some generalization to skills not included in
the antomated tutoring. included. (Author/AW)
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Backaround

Aunning counter to the mare nlobal approaches to reading research has been an
attempt by a number of investigators toc delingate and test specific variables relating
Lo reading success. As Katz and Deutsch (1967) have stressed, "Insufficient attention
has bepen devoted to two issues of major theoretical importance: {a) the relationships
between audition and vision in various skills, and {(b) the developmental aspects of
such modality functioning."

Spveral programs have attempted to avtomate the administration of audioc and vi-
sual teaching aids. The Clectronic Program Laboratory in Millis, Massachusetts (1966),
planned @ program based on the auditory mode. In the Tampa, Florida, public schools,
Malpass (1967) developed a visually oriented teaching procedure whersby training in
word recognition and paragraph reading were implemented through the use af rear-screen
film strip projections. A remedial program developed by Gibson and Richards (1965)
included both auditory and visual training components. A mobile lahoratory visited
the participating public schouls and offered under~achieving youngsters a variety of
audin-visual instructional aids including film strips, sound films, and Language
Master cards.

Turning to a more sophisticated audio-visual approach, Atkinson (1968) developed
a computer-assisted program wherein students received both tutoring as well as drill-
and-practice in math and reading.

The tutor incorporated into the current studies also included automated audio=-

visual aids. Its approach, however, was somewhat different from the =.:in impetus of
former approaches, in that it attempted not only to present the audio-visual help but

"to present it in a way that would apprcximate what a live tutor would do. The stimulus

for this direction was furnished by the impressive findings of Staats et al. (1967)
who pursued the notion of pstablishing the one~to-one student-teacher model in train-
ing reading skills in children showing gross reading deficiencies.

In addition to conecern OQver establishing an individualized tutorial funciion,

a ffort was made to develop the tutor's programs around specific behavioral ob-

ne
jectives such as Popham (1970) suggested,

[

Finally, the work of Phillips (1968) and Wolf, Giles, and Hall (1968) suggests
that extrinsic reward systems are highly applicable in motivating poverty children.
Incorporated within the audic-visual tutor was a token reward system linked to ex=
trinsic back-up rewards.

Strang and Walf (1971), using a tutor similar in function to the one cited in
the current studies, effected sizeable improvement in'a group of sixth grade ghetto
children. The current studies attempt to better assess this automated approach by
such measures as including a larger number of pertinent improvement msasures, 3
tighter control group, a larger spectrum of readings, and a more efficient admini-
stration of the audio-=visual help. Also, for the Tirst time the tutor was tested
in a public school. n ‘

This report represents three experiments conducted at an all sixth grade schaool
Jocated in Charlottesville, Virginia. The first experiment was conducted during the
1969-1970 school year. Experiments 2 and 3. were conducted during the 1970-1971 school
Yyear. S ) R ) .

\) i . . o "
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Experiment 1

Objectives

The specific research objectives of the first experiment were to test the effec-
tiveness of an automated instructional procedure in increasing students' accuracy in
answering:

(1) constructed reading comprehension questions relatirg to recognizing the
sequence of ~vents in, weproducing facts from, and making interpretations from gra-
ded reading passages;

(2) standardized reading test items.

This automated procedure sneluded expasure to graded reading materials, audio-
visual applications of tutoring whenover NecessiaTy, and extrinsic rewards for 3ccu=
racy, The group receiving these training nrocedures will hereafter be refaerred to
as Group A.

To test whether studenis would benefit without the aid of the audio-visual tu-
toring, a control group was constructed (Group B). Students in this trial-and-—-errox
group received the automated exposure to the graded reading materials and extrinsic
rewards for accuracy but did not receive the audig-visual tutoring.

To test whether students would show improvement on reading measures merely by
being actively included in the study but not receiving exposure to any of the graded
reading material, & second control group was gstablished (Group £). Students in this
group received automated exposure to math instead of reading materials, received NO
audio-visual tutoring, but earned extrinsic rewards for performance.

To test whether students would show improvement without the aid of extrinsic
rewards, a control group receiving no extrinsic rewards would have had to have been
constructed. 5ince the research was conducted at one location, it was deemed imprac-—
tical to construnt such a control group.

Equipment

The objectives were realized through the use of audio-visual tutors completely
automating both the testing and the remediation phases of the program.

Three tutoring consoles were located on a table 120 inches long and were sepa=
rated one from the other by wood partitions. During testing and training, a student
was seated in front of a console so that he faced a 10" x 13" plexiglass screen. A
rear-mounted projector prasented visual materials while a tape recorder presented
the auditory elements. These functions were governed by the operation of & relay
sack located at the rear of each. console.

Each console was also equipped with an electrical .answering panel so that stu=-
dents could register one of four possible answers into the system.

The awarding of rew?:d points for the student's performance was also automated.

A digital counter located at the right of the view=screen gave the student a constant

appraisal of the number of points he had earned during that session,
The apparatus autgmaticél;y recorded both student accuracy and timag_

Subjects

The autcmatéd'feading program‘was’ﬁaﬁduated.in a classroam of the Jefferson Ele—

mentary Schaal,'Ehar;uttesuille,_Virginia., Throughout the gchﬁgl_ysa: studéntS’Came

“daily &t an assigned time from their regular classrooms to theyreadiﬁg'pragram.f Stu-—
dents came in groups of three to one of the.seven SDjmiﬁuteHSESSipnsjthat’fan gach -

Q
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At the onset of the program, a group af sixth grade students were selected on the
bases of poverty backgrounds, 1.0. scores, and teacher recommendations. Specifically,
the type of stucent souqght was the underachiever who was reading far below grade level
and yrt showed academic potential as judged by 1.0}, scores and teascher reports. Final
celection was based on the results of a battery of reading tests administered to these
students. The tests included a 100~question Tourtn grade level constructed reading
test, Part G of Form Wi of the elementary level California Achievement Reading Test, and
Form A of the reading portion of the Sequential Test of Fduecational Progress. Also,
Form Am of the Intermediate Reading Test portion of the Metropolitan Achievement Test

was administered. During testing, rewards were used to maximize performance.

Three groups of seven students each were then constructed. To establish pre-=in—
struction equality, students were assigned so that the resulting groups possessed simi-
lar mean scores on the 100~=question constructed fourth grade reading tests and on the
standardized reading tests. The groups were then randomly assigned to the A, B, or C
condition (see Table 1).

Neither sgx nor Tace Were criteria for original student selection or for grouping.
The boy-girl ratio in Groups A, B, &and C was 5 :1, 4 : 3, and 3 = 3 respectively.
The Negro-white ratio in Groups A, B, and C was 2 : 4, 5 2, and 3 ¢ 4 respoctively.

Procedures

All students proceeded through five sequential programs, pach of which consisted
of a pretest, & pericd of instruction, and a posttest. \Vhile all groups received
identical testing, instruction differed for each of the three groups.

During the reading pretest, all students were presented wilth 32 projected frames,
each consisting of several paragzaphs of reading followed by a multiple choice ques=’
tion pertaining to that passage. The questiens were constructed so that there were
four alternative answers, and the student, by differentially touching his. answer
stylus to one of the four answer locations on the console, selected the one he deemed
to be correct. On all pretests as well as posttests, the pragramming equipment set
a minimum of 30 seconds' expasure to cach frame before an answer could be made.

While all questions related to the student's comprehension of the reading pas=
sages, three specific comprehension skills were tested. One type required the student
to reproduce facts from the passage (reproductive comprehension). A second tested the
student's ability to discern the sequence of events in the reading passage (successive
comprehension). The third required the student to extract the main idea or to make
interpretations regarding the text (interpretive comprehension).

The student progressed through the testing phase at his own pace. Immediately
following each answer, the student was exposed tp the next reading passage for 30
seconds before having the opportunity te answer the sccompanying gquestion. During
testing, the student was not informed after each answer as to his accuracy. In at-
tempting to maintain attention to the task throughout this phase, however, fallowing
every fourth answer, the student received points for his correct answers to the four
preceding questions. The student completed a test in two daily sessionS. .

After testing, the students proceeded to the instruction phase. - Here, for the
next 13 consecutive SO minute sessions, students in the A and B reading groups were
exposed daily to 12 reading passagéS'with'accompanying questions. The 32 pretest
items were included in the 156 frame program, All textual materials were taken from

current graded reading workbooks; all quastigns'were'csnstructad,

As in the testing conditions, each tgit—qgésticnbffama had a ‘set minimum time

delay before an answer could be nglEtEIed. Unlike the canditions in the test phase,
Q 7 - : - o - ’ - ,‘E . ’ : :
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after a student had answered a question, he knew immediately whether or not he had
been correct.

If a student in Instruction Group A (the audio-visual tutering group) answered
a question correctly, he was awarded a number of points and ther went on to the next
text—question frame. If, however, he made an incorrect choice, a light momentarily !
flashed "wrong,” and the automatic programming equipment immediately administered
individual audio-visual tutoring.

This tutoring varied for comprehension types. If an intepretive error were made,
thoze parts of the passage relating to making a correct respanse were underlined in
red, and a tape track administered parallel verbal help. If a reproductive error were
made, tutoring consisted of the presentation of a second slide of the same reading !
passage with specific areas of the text relating to the questien underlined. And if i
a successive error were made, a tape track gave specific help relating to that question.

After tutoring, if the student madé a correct response, he received a lesser num-
ber of points than he would have received had he not needed tutoring. Then he proceeded
to the next text—gquestion frame. *In this manner, the students in Group A proceeded
through 12 text—question frames during each of the 13 days of instruction.

During instruction, the students ifn instruction Group B (the trial-and-error
reading group) received the same 156 text-question frames as those students in instruc-
tion Group A, The reward system was also identical. The after-error condition, how-
ever, differed. As im the A condition, if a student committed an error, he immediately
recognized this, since he received na points, a "wrong" light panel flashed, and he ;
did not advance to his next text-question frame. Other than this, no help was given. o
During the time in which A students would be receiving audio=visual tutoring, B stu- :
dents received a comparable imposed exposure to the missed text-gquestion frame. If
subsequent errors were mads to the same gquestion, the above procedure was repeated.

As in the A condition, & correct answer advanced the student to the next text-guestion
frame. :

During the instruction phase, the students in Group C (the math control group) -
were not given any programmed materials relating to reading. Instead, they recelived
machine training on a series of mathematics problems. The mode of presentation and the
reward system paralleled that of the reading instruction B condition.

After the 13 day program phase, all students received the 32-frame reading post- :
test. The text portions of the frames were identical to those of the pretest. The i1
question portions, however, while requiring the same information for correct answer-— ;
ing, were rephrased, and the alternative answers were often reworded and sequenced
differently from those of the pretest. :

This program emphasized accuracy rather thanm speed in reading, ‘in that students
were rewarded in tests as well as during the program for accuracy and not for rate of
correct answering., A complete record, however, including a daily sccount of the time

that each student spent- in 2ll aspects df the program, was kept. o AT N
Bewards | | SRS

Based on the findings of Wolf, Giles, and Hall (1967), the study, employed 8 syS-
tem of both short=term and long-term extrinsic rewards. The points displayed on the.
digital counter were awarded for correct responding, thu greatest "pay-off” being . :
given faor lengthy chains of correct answers. At the end of the day, if a student f;
had accumulated enough points, he could redeem them for 5ha:tetérmVEEWérds*Su¢h_és
potato chips, candy, or peanuts., Or, if he wished, he could save hisiﬁéints”unfil
he had accumulated enough to buy small, inexpensive items of his awn choosing at the
lpcal stores. . PR S e LR T :
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Hesults

Gross measures of materials covered and amounts of timg ssznt. The A and B
students proceeded through five rpading programs in which 780 reading passages to-
taling approximately 179,244 words were presented.

During this time, C students recoived 780 problems consisting of 56,160 addition
or subtraction computations.

In Group A an average of 42.1 hours per student were spent in reading training.
Assuming 1,000 minutes equal one month of program time, the Group A students averaged
2.53 months of training.

Group B spent an average of A44.3 hours (or 2.7 months) in reading training.

Control math students spent an average 35.05 hours in bath the testing and
training phases of the program. ’

Immediate trainina effects of the A and B conditions. One important measure
across the A and B caonditions was® the immediate effect of the twtoring in aiding the
student to correct missed guestions. A ratic was derived by comparing the number of
errors committed after an initial error (subsequent errors) tn the number of initial
errors. Figure 1 depicts these ratios across the five programs.

For all programs, the mean subsequent error - first error ratio was substantial-
ly lower for the A students, indicating that the tutoring given to the A group was

 consistently more effective in eliciting a subsequent correct amswer than was the

1964)

Q
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simple trial-and-error training given to the B group.

1n viewing subsequent error - first error ratios across individual students, of
the six A students, five had lower ratios than any of the B students.

The effect of tutoring uoon angwering new questions. A broader intra-program
measure of difference in the A and B students' reading improvement was found by con=-
tinually comparing the frequencies across programs of corregct snswering to guestions
gpon their initial presentation. For the A students the mean tatal number of these
initial correct answers increased steadily acrass the five 156 guestion pragrams, even
though the grade levels increased from fourth to fifth and the average number of words
per passage increased Yrom program blocks 1 - II to IV - V by 7.4%. The 91,8 average
of Programs 1 - II rose significantly to 113.9 in Programs IV -V (T =0, N = 6, p£.0259).
Initial mean gains of the B students tapered off as materials became more difficult.
On Programs I - I1 B students averaged 87; on Programs IV -V, 92,6 (see Figure 2).

In viewing improvement. in individual students on the correct answering measure,
all six A students showed increases. in accuracy across program blocks I = 1I to IV = V.

The B students showed a more diffuse pattern. Four B studenus showed an increase
from Programs I - II to IV - V, while three showed a decrease. ' '

An analysis of the students' improvement in the correct answering measure aCross
types of comprehension included in the training revealed that A students made signi-

ficant mean gains from Programs I - I to IV =<V in all thréergﬁmpréhansicﬁ’gategafiés.V

» ,*DUE’tD the inability to meet éssumptinﬁs_relétiﬁg to the»use;uf,ﬁargmétri:
statistice, the Wilcoxon Rank Sum Test was used for all cross canditions; whereas
the Wilcoxon Signed Rank was used for intra-condition changes, inless otherwise
cited. (F. Wilcoxon and R. Wilcox, Same Rapid Apgrnxiﬁéte?Stétisticélﬁ?iggédu:es,




Almost all A students reflected gains across the three comprehension types. While B
students, too, showad mean gains 2Cross the three comprehension categories; their sta-
tistically insignificant gains weore universally lower, and in gach cetegory fewer
members of the group showed improvement (sge Table 2).

Time spent in coampleting the programs. A comparison of the time spent in various
parts of the training phase of the program revealed large A - B differences.

Directly comparing time measures between the two groups across the programs, for
program block I - IT both A and i students averaged 2.29 minutes before making answers
to new questicns. In the IV =V block, however, the A students averaged .42 minutes
more beofore making these initial answers than did the B students (T, = 57, M = 6, N =T,
p £.05).

1n comparing the average time spent before answering gquestions after errors had
been committed, A students, in program block I -~ II, averaged .16 minutes more than
did B students (T, = 58, M = 6, N = T, p £.05). Viewing program block IV =V, the A
students not only spent a significant 1.02 minutes more than the B students before
answering (T, = 58, M = 6, N = 7, p .02), but their increase from blocks I = II to
IV - V was in itself significant over that of the B students (Ty = 56, M = 6, N =17,
p£.05).

Pre-program_test results. Analysis of the tests preceding each program revealed
differasntial improvement across the three conditions (see Figure 3).

The A's upward movement in correct responding over the tesis was significant over
the B - C movement (T, = 87, M = 6, N =7, p £.05).

In addition to these results of averége test improvement, analyses of individual
students' performance yislded group differences. In Group A five of the six students
shawed progress from the pre-reading test to Pretest v, UFf the seven B students, how-
ever, only one showed improvement. Furthermore, all ssven C students showed a decrease
in test performance on Pretest V.

Changes in the time spent per question across the tests also differad for the
three groups. Group A spent 1.93 minutes per question on both tests. Group B drepped
from 2.02 minutes per question on the pre~-reading test to 1.40 minutes on Pretest V.
Group C dropped from 2.13 minutas to 1.35.

Pretest - posttest changes across the conditions. A measure of average intra-
program improvement was also derived from test results. Collectively looking at the
sums of pretest - posttest improvemasnts acrouss the five programs, & studsnts avoraged
16% improvement on posttests; B students averaged 9%, and C students averaged 1%. Not
anly did the A group achieve the highest pretest - posttest gain in percentage of cor=

" rect answering, but this improvement was significantly higher than the combined B = L

groups' percentage (T, = 93, M = 6, N =B, p£.01).

tion equality among students were alsa’administe:ed at the conclusion of the school
year to determine changes in standardized reading test performance. A “"carnival wheel"
contingercy, as described by Strang and Wolf (1971), was used to maximize performance
during .the end-of-program standardized testing. Here children had the opportunity to
work far extra points, =snacks at a local drive-in, or pennies and nickels.

Standardized test results, The siandsrdized tests used to establish pre~-instruc-

The standardized test resding measure was defined as the average of the three
" standardized reading tests: Part G .of Form W of the elementary level California
A;higvement-ﬁéaéing'Tégt;“Fgrva of the reading portion of the Sequential Test of Edu-
caticnal Progress, and Form Am of the Intermediate Reading Test portion of the Metro-
politan Achievement Test (see Table 3). - : o . o :
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A second measure utilizing standardized tost performance was derived., Throughout

the pragram and unit-by-unit testing, Group A

students universally athieved higher au-

curacy than did 0 or C students when unlimited amounts of time were allowed for answel-

ing. It wes therefore decided Lo measure

accuracy across the groups on an untimed

standardized test. Sirce both timed pre-training and post-training scores of the G
g B g

spction of Form W of the

Califernia Achievement test had been obtained, an untimed

parallel form (Z) of the G section of the CAT was given. During the administration
of this Z form, however, no time limit for student completion was set.

Tahle 4 dgpic%s the three groups' performance on the timed Form W pretest, on
the timed Form'V posttest, and on the untimed Form Z posttest. '

The A and B students showed significantly greater improverent across the timed

tests
improvement slightly excepded that of the A students.

than did the C students (Ty = 37.5, M=6, N=213, p.05). The B students!

When untimed posttest performance was compared with the timed pretest performance,
again the A and B students collectively showed significantly higher gains than did the
contral students (T, = 29, M = 6, N =13, p£.01). On this measure, however, the A

students demonstrated superiority over the B students.
s represented by the raw scores can be realized by noting that each

grade level change
raw score point equals 2 to 3 months.

A gross perspective as to the

The average time spent by the A students in compieting the untimed test was 40.40
mirutes. The B group averaged 28.92 minutes: the C group, 27.02 minutes.

That these group differences in test times were merely reflecting a time variable
ing seems unlikely, since, during the constructed 100=

uncontrolled in original grouping

question reading test administered at the beginning of th
tions than A students, and C students averaged 2% mare

6% more time in answering gues
time in answering than did A students.

e program, B students averaged

Cost of the incentive svstem. The monetary value of rewards expended in the nro-
gram was $132,74. The average daily value of rewards earned egualed $.07 per student.
ranging from $,03 to $.13 for individual pupils. The specific token redemption patterns

of. the students are cited by Strang (1971).

Discussion

This project demarstrated that previously non-productive students could be main-—

tained in academic tasks for an entire scho
averaging only $.07 daily per student,

ol year with the aid of extrinsic rewards

Not only were the students attentive to task, but they also showed real reading

improvemants, especially if they recei

measures indicated that by the end of the five graded
showed improvemonis in reading accuracy far above the

individual progress, virtually all students receiving
corded substantial gains in .accuracy.

ved audig-visusl tutoring. All program-derived
‘programs, the tutored students

other students. - With regard to
the audin-visual tutoring re-

[

Coupled with this increase in accuracy, the tutored students spent ever-increasing
amounts of time both in answeriﬂg_initial program questions and in using the audio-
visual tutoring aids. These findings strongly support the ésnéLUSEéﬂ'thétithé”futorgdi
students were, indeed, developing mare‘reFlectiVE‘leérﬁihg»fempqs_charéctéfiZEd'byu
the careful rsading of new materials and by a‘strang‘reseptiVEness to remedial aids

when administered..

, Althaugh.ﬁct'shgwing the accuracy gains’af'théée‘studénts_raceiyiﬁg thé~éudig— _
visual tutoring, the students in the trial-and-error reading group apparently did bene=

.IERJ}:« _ : o v:’.:‘  i{‘ : -:: :3¥§357>->
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fit from their expasure to the programmed materials. Their across-program reading
speed increased with no corresponding. decrease in accuracy.

Both the tutored and the trial-and-error students, whiie showing unequal gquanti-
tative improvement, did shrw similar patterns of differentisl gainm in successive,
reproductive, and interpretive comprehension. As might be surmised, both groups showed
greatest improvement in sequencing facts in readings and least improvement in making
interpretations from readings.

Further support for the validity of the intra-program findings was furnished
through an analysis of pretesting patterns across the two reading groups. While
these results did reflect the same differential patterns of tutored versus trial-
and-error improvement, it is interesting to rote that a nearly uniform difference
in the magnitude of improvement in the two groups unequivocally favored program
aver test measures. This finding is interpreted as relating to two factors: (1)
the students could earn slightly more reward points for program performance; (2) .
there were differences in the immediacy of reward feedback. During testing, reward
feedback was administered after every fourth answer, whereas during the program,
reward feedback was administered after every answer. while” the literature docu-
ments that differential reward and immediacy of feedback variables affect rate
changes of simple operants such as bar pressing or marble dropping, it is reveal-
ing to find that these variables may also strongly influence the emission of more
complex intellectually oriented behaviers such as reproducing facts from a reading
or even making interpretatians from readings. This issue becomes even more com-

_pelling when it is realized that this study recorded consistent 15 to 30 percent

decrements in performance on grade equivalent materials when rewards were decreased
by only = small fractiaon and knowledge of rewards earned was deiayed for only several
minutes.

The control students' progressive decline in accuracy on all program-derived

measures clearly depicts a condition in which students, without the benefit af in-

structional help, show a progressive deterioraticn in performance as a function of
increasingly difficult lessons.

That the differential reading gains of students receiving reading training
(Groups A and B) versus math control students resulted from a Hawthorne effect seems
unlikely since =11 students attended the same number of sessions during the year.
Control students also received the same rewards for performance. Their program ses-
cions differed only in that while the reading students were exposed to reading lessons,
the control students were exposed to math lessons. ’

Although the results derived from tests and intra-program measures clearly
demonstrate the effects of tutoring, these effects relate only to. three compre-
heasion behaviors. The question arises as to tihe audio-visual tutoring versus
trial-and-error. effects on improvement on more generalized measures of reading,
such as standardized reading tests. - While both.the audio-visual tutc: :d and the
tziaiéand—érrdt”reédihg-grﬁuﬁa*avsragégpfewgg_than;éﬂ,class_ssssigns - the actual

program. (that part where feedback and/or tutoring was administered); their improve-
ment over the year more than doubled the improvement made by the control students.

Unlike thafiﬁﬁrgvéme.t patterns shgwhfhy'the constructed p;cgram»anthest“mEEsUre%,w
however, the trialeand-e::c:;5tUdents_actually,achiEVEﬂ an average gain of two

‘months in excess of thét,made'by-thé‘tutnred»studéﬁts; ‘Inspection of individual

Q
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tests revealed that the tutored students’ slightly inferior-test scores related
not to the number of errors committad but to the tutored students'.lack af complet=
ing the test in the stipulated time. SR ' LT o :
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When a standardized testing measure was obtained under untimed conditicns
such as those found during all of the training, the tutored stwients again dis-
played superior improvement. Although they did, indeed, take raore time to answer
questions, this amount of time averaged only 4l seconds per test question ouer the
average lengih of time a student could spend an each question if he were to finish
the test im the allotted 20 minutes.

In viewing the progress made by the tutored and control students in the pro-
gram, the possible differential influence of regular classroom lenguage arts in-
struction must be considered. Due to the necessity tor estahlishing student parti=-
cipation times early in the year prioy to pretesting and subsequent group matchings,
it was decided to schedule all students during their language arts periods whenever
possible., Uf course, this precluded the possibility of guaranteeing that the math
controls ecould be drawn from classes other than language arts. Thus, the guestion
arises as to whether the lack of gain in control students merely reflects lack of
any reading instruction during the school year. Two findings reflect upon this.
First, those students in the math group who did miss language arts classes missed
only an average of 7 percent of the yearly 500 hours allotted by the school to
language arts. Second, a comparison of those control students drawn from language
arts to those drawn from classes other than language arts revealed virtually no
difference in reading decrements across the constructed pre-reading - 5th level
reading tests. All control students showed a loss. In additiom, the four stu-
dents drawn from language arts classes averaged an 18.8 percent loss; the three
students drawn from classes other than‘laﬁguage arts averaged a 17 percent loss.

1t would appear, then, that the brief exclusions from language arts class
had little influence upon the perforzmance of the control students on the program-
administered reading tests, '

Another aspect of clascroom time missed in language arts is that those stu-
dents receiving the automated reading instruction (Groups A and B) accumulated an
average loss of only 13 percent, These data, coupled with those relating to the

control group, clearly establish a perspective for viewing the extent of the time
lass dimension. It is concluded that the tutored students'! gain over the control
students' was achieved with very little interference to the students' regular
classroom instruction in language arts.

The improvements recorded in this study must be attributed to the automated
tutors! interaction with the students, since during the periods of tutoring no human
intervention was administered. That the impressive gains made by students were not
mere statistics is indicated by extremely favorable teacher reports telling of se-
veral notable improvements in.classroom performance.




Experiment 2

Bath Experiments 2 and 3 were carried out simultaneously during the secoad year.
Participating students spent two=thirds of their time in Experiment 2 and one-=third
af their time in Experiment 3.

Dasically, Experiment 2 was a replication aof the first experimer , in that its
major purpose was 1o assess the effects of automated audio-visual tutoring upon in-
creasing accuracy on reproductive, interpretive, and successive comprehension ques-
tiors as well as on standardized reading tests. Several important changes in metho-
dology, however, were initiated in Experiment 2:

(1) As a result of the powerful effect of the audio-visual tutoring on the six
students in Cxperiment 1, it was decided to test this condition's effectiveness on a
larger number of students (N = 19). In order to schedule this number of students
gach day, the triasl-and-error group of Experiment 1 was eliminated.

(2) Since control students' virtual lack of impravement during Expgrimént 1
offered 1little support for a Hawthorne effect, the five control students in Experiment

2 were exposed only to the testing pbases of Experiment 2. .

(3) In order that the tutored students could receive more instruction during the
year, all tests, except those administered at the beginning and at the end of the
school yesr, were eliminated from Experiment 2. One test which was administered to
all students at the beginning and again at the end of the school year was a 45-item
constructed test including fourth, fiftk, and sixth level interpretive, successzive,
and reproductive comprehension questions.

(4) Fewer standardized reading tests were administered. Two tests wers given

both at the beginning and again at the end of Experiment 2. Ona; the X form of Section |

G of the California Achievement Reading Test, was untimed so that the students were not
restrictad by a set time to complete the test. The second test, the Y form of Section
G of the California Achiesvement Reading Test, was timed,

(5) The programs of the previous year also were revised so that students pro-
gressed through five 156-lesson programs sequenced in the following manner: FPrograms
1 and II consisted of all fourth grade materials; Program III, of a combination of '
fourth and fifth grade materials; Program IV, of all fifth grade materials; and Pro-
gram V, of a combination of fifth and sixth grade materials. Regarding the averagr
number of words per story per program, the first fourth level program averaged 220
words; the fifth level program, 246 words; and the combined fifth and sixth, 242 words.

(6) Due to gross performance differences related to immediate versus delayed
administration of reward points, all phases of Experiment 2 involving. puint rewards
incorporated the immediate reward prﬁﬁedura as found in tha instruction phases of Ex='

periment 1. ‘
Aside from the changes noted above, the methadglagy gf Exper;ment 2 repllcated
that of Expérlant 1. .

Sub]ects _ o
Participating studgnta were - sglactgd on the bases of pgverty ba:kgrsunds and

depressed standardized reading test perfarmaﬁCE. The p:e—lnstructlon ‘test ‘scores are

presented in the "Test Results" section:of Experiment 2. U?_the ‘19 students randaﬁly
assigned to the. audla—V;Sual tutgrlng group, 1l were black f were. wh;te,,ll wa:a fe=.
male, 8 were male.: Thera werg 5 contrﬂl StUdEﬁtS‘ 4 were: black l was wh;taii""

female, 2 were male.
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Results

Intra-orooram changes. Those siudents receiving the audip-visual tutoring showed
several changss in performance ACTOSS the graded programs. 1he larger sampla size of
Experiment 2 allowed for parametric statistical anslyses of such changes (see Table 5).

The results of testing and the mean differences of the three significant measures
in Table 5 across grade levels appears in Table 6.

While students showed an overall gain in accuracy from the fourth to the combined
Fifth and sixth grade levels,; the greatest accuracy gains Were recorded from the
fourth to fifth levels with a drop between the fifth and combined fifth and sixth
levels.

With regard to time taken before registering an answer, students showed a pro-
gressive rise across the three levels.

Students averaged substantially more +ime to answer tutored questions during tha
fifth level program than during the fourth, This time measure, however, dropped from
the fifth to the combined fifth and sixth levels. -

To further evaluate the training effect in the three comprehension categories,
individual F-ratios and t values were derived for each category (see Tables 7 and 8).

s reading materisls became more difficult, students showed a decrease in accura=
cy in interpretive comprehension. On reproductive comprzhansion, significant improve-
ment occurred from the fourth to the Tifth level, folleowed by a decrease in accuracy
during exposure to combined fifth and sixth level materials. In successive comprehen=-
sion, students showed progressive improvement across all three levels.

Test resulis. In comparing experimontal students! and control students' construc-
ted test improvement, experimental students rose from 48.8% correct on the pretest to
727 correct on the paosttest (t = 8.22, df = 18, p4£.01). Control students rose from
56,6% correct on the pretest to 65.2% on the posttest (t = 3.57, df = 4, p£.05).
Directly comparing the gains recorded by both groups, the experimental students' im-
provement was significant over that of the controls ((T, = 33, M = 5, N = 14, p£.05).

Test improvemeni across the three types of comprehension appears in Table 9.

In one area, successive comprehension, the experimental group

. improvement was
significantly greater than that of the control group (Tg = 27, M = =

's im

5, N = 14, p£.01).
The.tws groups also showed differential improvement across the year on both un=

timed and timed standardized reading tests. Cn the untimed Foxm X.of tne California

Achievement Reading Test, the A students averaged 15.6 correct answers on the 30-item '

pretest, whersas on the posttest they averaged a significant rise to 19.7 (& = 3.73, '

df = 18, p<£.01). Control students actually registered a drop from 19.4 correct om

. the pretest to 18.2 on the paSttesthjDirEEt;yfcnmparing7theltwé,grﬁhpsi"tha A-Sigdagtslg5

“change in azGurécyrazrogé-téstsfgiﬁ?eréd,sighifi;antly_with thE ¢¢ﬁt¥Ql[StQQEﬁtSf}, i
fTL-= 35.5,»‘”11; 5, N = 14, p:é.DS)'. ‘ : : R T :

"~ Dn the timed Y- form of the CAT the A students showed a 2,8 raw scors gain (t = 5.02, -
.df = 18, p £.01). ~This could ba‘ﬁ:ans;atedfasfaﬁ:isgffrqugfadé 4.6 to 5.7.. Control .~
students shgwadja:stétistiCallyfiﬁéigﬁfficaﬁt-L;Ztfsw‘é:qré”gaiﬁ;ﬁéquiq;lgh;uta'aiiiss',k 

Discussior

{V”Férallh”

tored students showed
cion and least in interpre- -
'»'éésﬁ;aﬁy?aé'thgipiggram.

ing the findings of Experiment 1, audip-visual:

“greatest improvement across programs in suécessive-camprehen
ptivettgmﬁréhghéiéﬁ;f Furthermore; stude ts not-only-increased™

Q
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fourth to fifth grade levels, but they &lso increased in the time
ay spent before registering first answers and in the time thoy spent per tutoring
plication before answering. These findings agree with those of the first experiment
. suggesting that the automated tutoring directed the students toward mare Teflective

vanced from ths

arning tempos.

The tutored students' Tesponse to the more difficult fifth=-sixth level materials
" Experiment 2 was to spend more time initially reading guestions and to increase
rors in all areas except successive comprehension. This pattern indicated that the
ogression from the fifth to the combinad fifth and sixth materials was too rapid,

] at least one additional fifth level program would be necessary in future applica-
ons,

Turning to pre- - posttest changes, on the constructed reading test t°  tutored
udents' statistically superior performance to that of the control students attested
, the effects of the sutomated tuteoring in helping the tutored students in reproduc-
ve, interpretive, and especially in successive comprehension, Also, tutored students
monsirated substantially greater standardized reading test improvement than did
yntrol studsnts, especially on untimed tests. And even on the timed tests, tutored
udents averaged twice the gain recorded by the control group scross the school
ar. 1t is unfortunate that the randomized group selection procedures initiated
. the beginning of Experiment 2 did not yield two groups having closer pretest

~OITEeES,
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Experiment 3

Experiment 3 cancerned the application of automated tutoring in teaching disad-
vantaged sixth grade students a seriess of reading skills useful in every cay LlVlﬁg.

Objectives

Two specific aims of Experiment 3 included:

(1) assessing the role Df the . automated tutoring in increasing students' accuracy
in 24 specific prﬁctigal skills

(2) assescing any gensrt llzatlgn of the. automated tutoring to the acquisition DF
practical skills not ircluded in the instruction.

Procedures

The tutored and control students included in the study were those described in
Experiment 2. The two experlments were ron concurrently so that of each three sessions,
students spent one participating in practical skills training and the other two in
comprehension training. In the practical skills program all students first received
prsctice in us s;ing the autamated tutors. Next, they were machine tested on 81 di.fferent
practical reading skills, The control students then were returned to their regular
classroom activities while the experimental students received 20 sessions of automated
instruction in those 24 ckill areas showing the highest error densities an the test.
These skills included:

1. the use of reference tools
A. encyclopedia (a)*
B. dictionary (3)
C. atlas and maps (2)
D. card catalog (2)
£. +tables and graphs (2)

"1I. newspaper reading
A. weather maps (1)
B, want ads (1)

111. reading airline schedules (1)

Iv., the use of telephane directories
A. yellow pages (2)
B, white pages (2)

V. cantents of forms and applicatlnﬁs {e.g., catalng,ﬁarmsi_checks, bills,
job applmcatigns) (3) : o S L

VI, the use of mail order form Qatalngs (1)~
Number of speclfle bghav;ersl obge;t;ves per Sklll a:ea,hl7

‘In summarlzlng the tutgrs' 1nstru:tlnn Functlons, the- studﬂnt ‘was’ Flrst presen— :
ted w1th a prggectad frame 1nclud;ng ‘a-multiple: choice: qgaét;ﬂﬁ partalnlﬁg ta pra:ti -
“gal skill (e.g.y Above is'a check wrlttgﬁ by Tom: 'Beal. Which.af the: fallgw1ng xtems
‘has he filled out. 1ncorrectly7‘ ‘.Dependent upo “th ¥part1cular sk;ll, ‘the'spurce’ g?
'~~1nfarmat;nﬁ nacessagy for ‘succes Ful cnmpletlan of each questlan‘was s;ther presanted
above: the: qugstlcn (as. wauldkbe the case w1t, fvaxample abave)
1P‘nrmed by the tutor that he:was to secure’t C
cae. to. the ccnsole \ ] Use the dtlaa
the FnllﬁWlng" :

' Each sess;an —;,f,:' :f;;; :;fifikfr' Each rép:esentlng ‘a d;fferant prartxcal .
jist ire e tutc 'fCurgect answerlng y;elded :f
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an advance to the next lesson plus several reward points presented on a digital counter
within the student's wview. Incorrect answering yielded immediate verbal tutnring, pre-
sented through each student's headset via a tape recorder. The toped voice -.ed the
student through an orderly sesquence of steps relating to acquiring that particular
skill. Never. however, was an answer given. During this tutoring, the original pro-
jected image did not change. Subsequent incorrect answering to the same question was
followed by an imposed one minute time exposure before another answer could be made.
The apparatus automatically recarded all answer inputs and advanced the student to the
next lesson only after a correct answer had been given.

After the 20 instruction sessions, all experimental and conirol students were
retested on the 51 item test. Automated testing was identical to imstruction in the
administration of rewards and automatic recording. Any answer registered, however,
regardless of its correctness, advanced the student to his next guestion and, if
errors were made, no audio tutoring was administered. No questions presented during
instruction were included on the test. o

Concerning rewards, points could be redeemed daily for low-value extrinsic rewards
(e.g., candy, gum, potato chips) ur could be saved over time for high-value rewards
from local stores (e.g., notebooks, models, jewelry).

Results

The experimental students’ improvement during instruction was obtained by compa-
ring error- frequencies in the first 24 lessons to those in the last 24. The total
error average (including initial errors and errors after tutoring) dropped from 15.5
to 4.0 (t = 6.68, df = 18, p £.01). All but one experimental student registered a
drop in total errors. With regard to initial correct answering to questions, experi=
mental students improved from an average of 61% correct on the first 24 lessaons to
89% on the last (t = B,70, df = 18, p Z.01), All 13 experimental students registered
improvement on this measure. ' ‘ :

‘Pra— - posttest gains. In viewing overall test improvement across the year, ex=
perimental students' average of 629% correct on the pretest rose to 85% on the posttest.
All 19 experimental students registered gains. The control students' average of 68%
correct on the pretest rose to 73%. Of the 5 control students, 4 registered gains.

The 23% gain registered by the experimental students was. significantly higher than the
10% gain registered by control students (T, =28.5, M =5, N =19, p£.02). ' .

In comparing both groups on gains in the 24 skill areas traiﬁed‘dgriﬁgfthé program, -
the experimental group averaged 48% accuracy on the pretest, 81% on the posttest.
All experimental atudents registered gains. The control students averaged 56% correct
on the pretest, 70% on the posttest. Of thE:EVGDntrGl‘StUdEﬁtSivA'Ehaﬂéd CID5S—tEé£ R
. gains. The 33% gain of the experimental students was significantly higher than the o
14% gain Bf'thé”ccntrﬁl'studehts,(Tigz*gg.S,mﬁig»Si”Nf“:lE;.pﬁqﬂgﬂ;;"<gﬁf_’ R
Viewing the:27 skill areas not trained during the program but included during ]
testing, the experimental group's average of T§% :grrect Qn;the»ﬁfEfEst’rﬁéé”Siénié' R
ficantly to BB% on the posttest.  The caontrol students' average of 78% correct on :
' T nental students registered ' 0

' the pretest rose to 83% éar:eét{’fSéGéﬁEéEﬁ7QfT£héf;9?§ erimen

" cross-test gains; ??af”the;s%;nhﬁfglfétgdghtsjr‘gistgieq:géiﬁs“

. While the lﬁ%gamgf‘theaxpenmentalstudentswasltsel
(t =.5.90, df =18, p; ﬂgl)§ﬂit?ﬂé§fhntffaunﬁitQibegSignif;ca :
5% gain ‘averaged by the controlsstudents EE R

R Eraqiam,eFfiéiEnéy;3ftimé,'mune;agy;lﬂvestméﬁﬁ;féﬁd°i263§ﬁed in:
“‘mental students averaged 10. ‘hours of automated ‘instruction. t mp.
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sons in the 10 programs. The average pretest = posttest improvement attained by the
control group served as a basis for assessing the effects of retesting and normal
class=oom instructicn on acquisition of practical skills. Thus, to obtain a measure
of the outomated tuforing's effest upon practical skill acguisition, the control
group's average cross-test gain was subtracted from the experimental group's cross-
test gain. It was found that the 19 experimental students learned a total of 129
practical skills. All but one experimental student showed a corrected gain, and in-
dividual students gained as many as 15 new reading skills,

[}

The average cost for the extrinsic rewards used during the tutering amounted to
%.33 per corrected acquired skill.

Discussion

The test-derived data clearly domonstrated the strong effect of the automated
tutoring upon the learning of the practical reading skills. Improvement appeared not
only as group statisticel gains but also as individual gains exhibited by all but one
experimental student. As might be expected, the experimental students showed greatest
improvement over the control groun in skills included in the autamated instructicnal
phase. The fact, however, that these students did average a significant improvement
of 15% on test items not ineluded in the instruction phase (compared to an insignifi-
cant 5% gain made by the control group) strongly suggests that some instructional genc-
ralization to the untutored practical reading skills did occur in the experimental
group. That 17 of the 19 experimental students registered cross-test gains as high
as 56% on items not included in the instructional phase further substantiates this
conclusion,

1

RIC

Aruitoxt provided by Eic:



Epilogue

The universality of results across the two years in demonstrating substantial
mositive channes in the tutored students! reading accuracy attesis to the géneral
effectiveness of the autcmated audio~-visual tutor, In viewing the reading areas most
affected by the tutor, collective results further affirm that those reading behaviors
defined most precisely were most easily trained, In comprehension, the tutoring of
the loosely-defined interpretive skills vielded results far inferior to the results
of the tutoring of successive skills where students simply had to learn to sequence
facts in order of their occurremce in the readings. Even in the practical skills
area, tutaring students to find generel errors in written forms was far less fruit-
ful than training the same students to find correct volume numbers in locating arti-
cles in encyclopediss or in finding how to define the symbols on weather maps in
newspapers.,

The automated tutor is not an all-encompassing sducational panacea that will
teach all children any academic material. It is, however, a tool that can help the
classroom teacher to do & better job in one area, the instructicn of specific educa-
tional skills.
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Table 1 -
Pre-instruction Verbal I.Q., Constructed Reading, and
Standardized Reading Test Performance of the Three Groups
‘ % correct on Mean score for timed CAT=
Number of Mean Lorge-Thorndike Egﬁstru;ted 4th STEP-Metropolitan

Group _ students  verbal [.Q. score level resding test  standardized reading tests.

A 6 : 82 ! 56 | 43" |
AT B S OIS A L U OO =
B 7 i 81 52 | a2
P B S A SR — ] et o e o e T
c 6 ! 79 59 42 \
I O N T . - — R N

aAlthgugh all groups were originally composed of seven students, due to public school at-
trition, means are given for those students who completed the public school year.

bScaras in months




Group B

(N=T)

Table 2

Improvement in the Number of .nitial Correct Respenses

Across Types of Comprehension from Programs I-11 to IV=V

Type of comprehension

Mean number of initial

correct responses per program

I-11 1v-V

' T wvalue

Mumber of students

showing improvement

Interpretive

Successive

i s . e § , E
i i
, ] ! ‘ ®

Reproductive 39.3 47.3 l 0 ]
- U S , S— e - - -

Interpretive L 34.5 40.3 1 5
SRR [ [ . et - ? . - e
Successive 18.1 26.3 i o ) i

* -
p £ .025

NOTE: Each program was comprised of 60 reproductive,

successive comprehension

questions.

60 interpretive, and 36




Table 3
Standardized Test Results
{Timed)
Pretest means for timed Posttest means for timed
CAT=STEP-Metropolitan CAT-STEP-Metropolitan Overall Gain over
_.gain

jErDug__ﬂ’mmugggqqa;dizeﬂ_;eaﬁing tggts_iw§§§ﬁdayg%;stFQEQ%ﬁg tests controls

a i

4l N 51 +10 +5

B i a2 N 54 | 412 +7

|
T ‘} T - B - e - =1 _ i

Jp—— et

a . .
Scores in montns

¥*
pL.05




¢ L AR kb et f it 31

B

®Mean number correct on the 30 item test

Table 4
California Test Resultis K
(Raw Scares)
CAT = Part G Form W CAT-- Part G Form W CAT. - Part G Form Z
administered at be-= administered at end administered at end
giﬁning of school af school yesr. of school year.
Group year. This was timed. This was timed. This was untimed.
‘(audio~visual tutering) % 12.5a 15.2 7 22.2 '
i i
(trial~and~error) ! 7 12.6 16.6 S 20,0 o
2 E“”m Rl ? B} - .
{math control) 13.5 13.8 16.8 !




veans, Standard Deviations, and F-ratios for Initial Corzect Answers,.
Satio of Afiec~tutoring Errors to Fefare-tutozing Errors, !

Time Defore Registering First Answer 1o Questions, and Time Spent Per Tutoring Application

at 4th, 5th, and Combined 5th-6th Reading Levels
} 1l - 2 et e

i { !
Measure 4th grade 5th grade ! Combined 5th-Ath grade i F i
P (N=19) (N=19) ‘ (N=19) i
M. L 8D | M ey T | sp %
t First answer errors '92.53 16.71 101.58i 18.48 : 99.47 18.83 10.05
i Efter-tutoring ; : j .
I error/before- 1 ! ; Q
| tutoring ratio .53 .13 ) 48! .22 .49 17 1.06 |
| Time before re- § é g i ; -
gistering first 1 % f o | ) o .
answer to gquestion @ 2,13 1 .36 2,340 .41 ! 2.48 .49 11.27
o wn e et < s ¢ £ Apim s T R T -;—Anc,,.;g- P T $_ . r,%g,___ [ — P P - 4
Time spent per tutor- | | ; i ‘ %
ing application ! 1.77: .26 i 15921 .29 1 , 1.88 .30 1 3.64

®rotal number of guestions per program equal to 156

Times given in minutes
¥
significant p.£.05
*¥%

significant p£ .0l




Table 6
t Tests for Individual Mean Differences on First Answer Errors,
Time Before Registering First Answer to Questions, and

Time Spent Per Tutoring Application at 4th, S5th, and Combined 5th-6th Reading Levels

4 Mean difference Mean difference .Mean difference
between 4th between 5th and between 4ih and
Measure and 5th levels combined Sﬁh-éth level combined 9th=6th level
i - - - S - — .
| Number of lst . ox
i answel errors -9.05 ) - o #2., =6.94

i Time before re=-
! gistering lst
answer to ques- % - o
tion® + .21 + .14 + »35

Time Sﬁéﬁtwﬁer
tutoring appli=- x _
cation + ,15 : - .04 + .11

8rime in minutes
*

p£ .05
* _

pZ.01

T




Table 7
Means, Standazd Deviations, and F-ratios for

Reproductive, Interpretive, end Successive Comprehension

and Cembined S:h-6th Reading Levels

| T
i Combined

i
i 5th grade 5th-6th grade

42,89 7.09 | 40,37
- 35,00 | 6.70 | 34463
booa.47

| Arnrrductive

-
-
“*l
L
“wn
o

o lon [~
‘ b
I u N
[ee]
rd
.

i
]
1
[
H
1
’

! Interpretive 3

L ]

w3

—

Ly
IR
» d
Dﬁ I 1
I

o

| Successive

xp £ 08

* 4%
pL.0L .

NOTE: 60 reproductive, 60 interpretive, and 36 successive questions comprised
each program,

[




Table 8
Tests for Individual Mean Differences on

Reproductive and Successive First Answer Accuracy on

4th, 5th, ard Combined Sth-6th Reading Levels

Mean difference Mean differcnce Mean difference
Type of betwsen 4th between 5th and between 4th and
comprehension and Sth levels combined Sth-6th level combined Sihfﬁth lavel

.x;
Reproductive +3.79 -2.52 37
- ] R = o - = 3 = = = st T . n,,:*_ et e

e Ty 1

s
Successive +6.58 . +1,7

o~

7*
p £.05
*x -

o3a-




Table 9
~Tutored and Control Students'! Pretest and Posttest Accurscy
Across the Thres Types of Compreghension
Wi correct in ¢ correct in

Comprehension experimental control
type condition condition

“rrotest | Poniiest | Protest | Posttebt
| 63.2 | 80.0
52,2 | 66.6
53.6 | 53.4

)
ad 13
- o 1
1

q‘l
3]

VIR

Reproductive = - 4.0
57.6

xHX

. ‘d'l‘..'l—;
|~

‘Interpretive

rE T

[ FAJN e R R o)

Successive 4 40,8 T

o

*

Change significant £.05
k2.3

Change significant £.02
*E®

Change significant £.01

.zgq? o




